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Abstract 
Composite materials increasingly being used in aeronautics, aerospace, automotive and marine industries due to their high 
strength to weight ratio. Machining of composite material is difficult by conventional machining methods but laser cutting can 
offers an alternative machining method in which quality cut can be obtain by controlling different process parameters. The aim of 
the present research is to investigate the effect of laser cutting parameters viz. Laser Power, Cutting Speed and Gas Pressure on 
the response parameter HAZ. Optimization of the process parameters, their levels and combinations are decided on the basis of 
Taguchi L27 Orthogonal array and subsequently predictive models have been developed using Second Order Regression and 
Artificial Neural Network (ANN) modelling techniques. Analysis of Variance (ANOVA) is then carried out to find the relative 
influence of process parameters on HAZ. After comparing the simulated data with experimental data, the ANN model shows 
better agreement for predicting HAZ with more than 97 % of accuracy for the given range of input parameters. 
© 2016 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of the Organizing Committee of ICIAME 2016. 
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1. Introduction 
Composite materials gains increasing use in aeronautic, aerospace, automotive and marine industries due to their 
superior properties like high strength, low density, good thermal stability and excellent mechanical properties at 
elevated temperatures [2, 3]. Composite materials are made from two or more materials for producing properties that 
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could not be obtained from any one material [2, 3]. One of those materials acts as the matrix and the others act as the 
reinforcement. Glass Fibre Reinforced Plastic Composites or GFRP is unique composite material consisting of glass 
fibres embedded in an epoxy or polyester matrix [2, 3]. However, they are anisotropic and non-homogeneous in 
nature and their intrinsic brittleness and hardness make machining difficult to machine by conventional machining 
methods, so one has to go for non-conventional machining methods. Recently there is a drastic increase in research 
in the field of laser cutting of composites because laser machining offers an attractive alternate among all non-
conventional machining due to improved end product quality, low cost, short processing time, smoothness and 
precise cuts, narrow kerfwidth and small heat affected zone (HAZ). By controlling the different process parameters 
of laser, precision cuts can be made for different geometry and complex shape. Laser cutting is a non-contact, 
abrasion less technique eliminates tool wear, machine-tool deflections, vibrations and cutting forces and can be used 
for almost all type of materials [3, 4]. 
Patel et. al. [2] have studied laser machining of composites in terms of scope, limitation and application and the 
research carried out in this field for different types of polymer composites. Patel et. al. [3] have studied experimental 
analysis and prediction of kerfwidth in laser cutting of glass fibre reinforced plastic composite material and 
developed Regression and ANN models to predict the kerfwidth for specific range of inputs. Patel et. al. [4] have 
developed Regression, ANN and Fuzzy models to predict kerfwidth in laser cutting of glass fibre reinforced plastic 
composite material. They found the accuracy of models for prediction of kerfwidth more than 95 %. Caprino et. al. 
[5] have studied the cutting of glass fibre reinforced plastic composites using a CO2 laser and Multimodal-Gaussian 
power distribution. They have proposed an analytical model to predict the depth of kerf. Methew et. al. [6] have 
studied Nd:YAG laser cutting of Carbon Fibre Reinforced Plastics (CFRP) and the effect of process parameters viz. 
cutting speed, pulse energy, pulse duration, pulse repetition rate and gas pressure on HAZ, kerfwidth and taper angle 
using response surface methodology. They have also establish various relations between input and output 
parameters. Pandey et. al. [7] have done multi-objective optimization for kerf taper and surface roughness in the 
laser cutting of titanium alloy sheet using regression models and genetic algorithm and presents optimal solution. 
Leone et. al. [8] have studied Nd-YAG laser cutting of thin CFRP sheet using multi-pass scan technique and 
investigated the effect of cutting speed and pulse power on kerf geometry and HAZ. Tamrin et. al. [9] have found 
out the optimized set of cutting parameters in laser cutting of three thermoplastics using grey relational analysis. 
They have studied effect of cutting parameters viz. laser power, cutting speed and air pressure on HAZ. Ohkubo et. 
al. [10] have studied Numerical Simulation of laser beam cutting of CFRP. They have applied finite difference 
method to calculate heat transfer inside CFRP and simulated the formation of HAZ and compared the experimental 
results with simulated results. Pandey et. al. [11] have presents a modeling study of laser cutting process. They have 
studied a hybrid approach of Artificial Neural Network (ANN) and Fuzzy Logic (FL), Adaptive Neuro Fuzzy 
Inference System (ANFIS) for developing the Kerf width and Material removal rate (MRR) models. They have also 
compared the developed ANFIS based models of kerf width and material removal rate with Response Surface 
Methodology (RSM) based models and they have found that the values of Kerf width and Material removal rate 
predicted by the ANFIS based models are closer to the experimental values. Karazi et. al. [12] have developed and 
compare ANN and DOE model for prediction of laser machined micro-channel dimensions they found ANN model 
showed an improved predictive capability that was approximately twice as good as that provided from the DOE 
model. Cekic et. al. [13] have studied the mathematical modelling of surface roughness and width of HAZ. Patel et. 
al. [15, 16] studied the effect of MIG welding process parameter on weld height. They have developed ANN and 
Regression models to predict weld height in context of input parameters and compared with experimental data. From 
the above literature it seems that HAZ is one of the important quality characteristic of laser machining in GFRP. Soft 
computing tool ANN is scarcely used in predicting HAZ. So, an attempt is made to develop a predictive model of 
HAZ with help of ANN modelling.  
In this study laser cutting of GFRP has been carried out to find the influence of laser cutting parameters on cut 
quality parameter HAZ. Various input parameters viz. Laser Power (P), Cutting Speed (V), and Gas Pressure (p) 
were taken under experimental investigation to find the effect and consequently models have been developed to 
predict the HAZ in context of cutting parameters. DOE has been used to perform the experiments and Taguchi L27 
orthogonal array was used to find the levels and combinations of different parameters. Second Order Regression and 
ANN models have been developed to predict the HAZ and statistical analysis has been done to find the closeness of 
predicted values with the experimental data. 
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2. Experimental Procedure 
2.1. Material Preparation 
As shown in figure 1 the experimental specimen was made of Glass Fibre Reinforced Plastic Composite in which 
E-glass chopped fibres were used as reinforcement material and polyester resin as matrix material. The size of the 
material was 300 mm × 200 mm × 5 mm. 
 
Fig.1. Experimental Specimen 
2.2. Experimental setup 
All experiments were performed using a fibre laser cutting machine (Sahajanand Laser Technology Limited, 
Gandhinagar) with CNC work table having maximum output power 2000 Watt in continuous mode. The laser beam 
was focused using a 125 mm focal length lens, the nozzle diameter was 1.5 mm and the nozzle tip distance was 1.5 
mm. All parameters were precisely controlled as the machine is equipped with siemens controller. The machine was 
capable of using nitrogen and oxygen as an assist gas at right angle and coaxially to the laser beam. By trial 
experiments it was decided to use nitrogen as inert gas. 
2.3. Selection of cutting parameters 
In experiments, number of fixed and independent parameters were involved. The fixed parameters were focal 
length, nozzle diameter, nozzle tip distance and material thickness and the values are as mention above whereas the 
variable parameters were Laser Power, Cutting Speed and Gas Pressure. From the literature and after performing 
number of trial experiments the range and the levels of input parameters were decided and they are summarized in 
table 1. 
Table 1. Input parameter values 
Parameters Level 1 Level 2 Level 3 
Laser Power (W) 1200 1300 1400 
Cutting Speed 
(mm/min) 
400 500 600 
Gas Pressure (bar) 14 16 18 
2.4. Measurement of HAZ 
For measurement of HAZ, straight cuts of about 50 mm in length were made on sheet and they were measured 
using 3D microscope MITUTOYO/QS-L2010ZB. Five readings were taken throughout the length on both side of 
the cut and then average is taken for each cut. Figure 2 shows the sample measurement using 3D microscope and its 
software. 
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Fig.2. Measurement of HAZ using 3D microscope 
3. Various Modeling Techniques 
In this present study laser cutting of GFRP is carried out and Second Order Regression and ANN modelling is 
done to predict the HAZ in context of input parameters. Figure 3 shows the main effect plot for HAZ using Minitab 
16 software. 
 
Fig. 3. Main effects plot for means for kerfwidth 
3.1. ANOVA of HAZ 
The result of HAZ generated through Minitab is shown in table 2. It shows that the p-values of laser power and 
cutting speed are 0.000 which are less than 0.05, so the effect of laser power and cutting speed on HAZ is significant 
but the p-value of gas pressure is 0.622 which is greater than 0.05, so the effect of gas pressure on HAZ is 
insignificant. The R2 value is 83.87 % and it is moderately high which indicates that the data for response is well 
fitted in the developed model. 
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Table 2. Results of ANOVA for HAZ 
Source DF Seq SS Adj SS Adj MS F P 
% 
Contribution 
Laser power 2 0.047237 0.047237 0.023618 12.72 0.000 20.51 
Cutting speed 2 0.144047 0.144047 0.072024 38.79 0.000 62.56 
Gas pressure 2 0.001808 0.001808 0.000904 0.49 0.622 0.78 
Error 20 0.037132 0.037132 0.001857 
  
16.12 
Total 26 0.230224 
    
 
S = 0.0430885   R-Sq = 83.87%   R-Sq(adj) = 79.03% 
3.2. Regression of HAZ 
Mathematical model has been prepared for HAZ using Second Order Regression analysis to predict the HAZ. The 
model developed using MINITAB 16 is shown in equation 1 and the R-Sq value for Regression model is 85.89 %. 
HAZ = 1.75798 + 0.00499764(P) - 0.0184202(V) - 0.68143(p) - 4.81667e-006(P2) + 1.72492e-005(P*V) + 
0.000481646(P*p) - 3.19167e-006(V2) + 0.0013649(V*p) + 0.00180833(p2) - 1.04688e-006(P*V*p) 
(1) 
3.3. Developed ANN Model 
Artificial Neural Network (ANN) is a widely used supervised learning algorithm in which there are forward and 
backward passes. It is constructed using three layers they are known as input layer, hidden layer and output layer. 
Back-propagation is one of the more widely used artificial neural networks [22, 23]. Using back-propagation, the 
weights and biases, associated with the neurons are adapted to minimize the mapping error. After repeated 
presentation of the training data patterns to the model, the weights and biases of the architecture become stabilized 
and the ANN is said to be trained. The classification or prediction of new data patterns is accomplished by 
propagating the new pattern through the neural network. The aim of this network is to train the network to achieve a 
balance between the ability to respond correctly to the input patterns that are used for training and the ability to 
provide good responses to the new inputs within a specified range [4, 14]. In this present study three input variables 
viz. laser power, cutting speed and gas pressure and one output variable i.e. HAZ are used to established a relation 
between input and output variables by ANN model. Thus this network have an input layer with three neurons, one 
hidden layer having varying number of neurons and an output layer with one neuron. The performance of neural 
network depends on the number of hidden layer and the number of neurons in the hidden layer. Literature survey and 
number of combinations are tried out to choose an optimal combination. MATLAB application tool is used to 
develop the ANN model. Figure 4 indicates the architecture used between input and output parameters. 
  
Figure 4. Artificial Neural Network 
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4. Comparison of Results 
Table 3 shows the results of experimental HAZ and predicted HAZ using Second Order Regression model and 
ANN model and fig. 5 shows the comparison of results. 
Table 3: Experimental and Predicted Results of HAZ 
Experiment 
Number 
Laser 
Power  
(Watt) 
Cutting 
Speed 
(mm/min) 
Gas 
Pressure 
(Bar) 
Experimental 
HAZ 
(mm) 
Regression 
HAZ 
(mm) 
ANN 
HAZ 
(mm) 
1 1200 400 14 0.7349 0.7349 0.7355 
2 1200 400 16 0.7215 0.7235 0.7185 
3 1200 400 18 0.711 0.7265 0.7205 
4 1200 500 14 0.8323 0.8276 0.8363 
5 1200 500 16 0.8925 0.8379 0.8942 
6 1200 500 18 0.91 0.8627 0.9077 
7 1200 600 14 0.8208 0.8565 0.8249 
8 1200 600 16 0.8866 0.8886 0.8887 
9 1200 600 18 0.8794 0.9351 0.8783 
10 1300 400 14 0.7862 0.8085 0.7863 
11 1300 400 16 0.7967 0.8097 0.7926 
12 1300 400 18 0.8182 0.8253 0.8111 
13 1300 500 14 0.9337 0.9272 0.9382 
14 1300 500 16 0.8996 0.9291 0.8926 
15 1300 500 18 0.8972 0.9455 0.8885 
16 1300 600 14 1.0227 0.9820 1.0239 
17 1300 600 16 0.9887 0.9847 0.9873 
18 1300 600 18 1.0667 1.0019 1.0621 
19 1400 400 14 0.8441 0.7858 0.8448 
20 1400 400 16 0.7458 0.7995 0.7429 
21 1400 400 18 0.8787 0.8277 0.8978 
22 1400 500 14 0.8954 0.9304 0.8894 
23 1400 500 16 0.9282 0.9240 0.9206 
24 1400 500 18 0.9233 0.9320 0.9348 
25 1400 600 14 0.9903 1.0112 0.9902 
26 1400 600 16 1.0177 0.9846 1.0156 
27 1400 600 18 0.9399 0.9725 0.9368 
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Figure 5. Comparison of HAZ Results 
5. Conclusion 
The present research consist of parametric study and analysis of influence of cutting parameters in laser cutting of 
GFRP. The cutting parameters selected during experiments were laser power, cutting speed and gas pressure, while 
the response parameter taken is HAZ. Second Order Regression model using MINITAB and ANN model using 
MATLAB have been developed from experimental data to predict the HAZ. From the ANOVA table it is found that 
cutting speed is the most influencing parameter followed by laser power and gas pressure. Based on the experimental 
results, modelling through Regression and ANN, it is found that HAZ increases with increase in the laser power and 
cutting speed. From the main effect plots it is found that the minimum HAZ is obtained at 1200 watt, 400 mm/min 
and 14 bar. To check the feasibility of the developed models, the experimental and predicted results are compared in 
terms of percentage errors calculated from table 3. The results shows that the maximum, minimum and mean 
percentage errors in Regression Model are 7.20 %, 0.00 % and 3.12 % respectively. While in ANN Model errors are 
2.17 %, 0.01 % and 0.51 % respectively. After comparing the simulated data with experimental data, the ANN 
model shows better agreement for predicting HAZ for the given range of input parameters.  
As a part of future scope other optimization and modelling techniques like Fuzzy Logic, ANFIS, Genetic 
Algorithm etc. can also be developed for HAZ. Moreover this research can be extended in laser cutting of 
composites to measure Geometric Dimensioning and Tolerancing (GD & T) parameters like Cylindricity, 
Perpendicularity and Positional Tolerances where assembly of different parts are to be made [21]. 
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